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(54) Antenna apparatus and wireless communication apparatus

(57)  An antenna apparatus and a wireless commu-
nication apparatus are proposed by the present inven-
tion to reduce an absorption factor of electromagnetic
waves absorbed by a human body during the telephone
call. By arranging antenna disposing means so as to dis-
pose an antenna element indicating a higher absorption
factor the more distant from a human body on the basis
of an absorption factor of electromagnetic waves ab-
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sorbed by a human body, measured in advance when
at least two or more antenna elements different in elec-
trical length operate as antennas under the same dis-
posing conditions, it is possible to reduce the absorption
factor of electromagnetic waves absorbed by a human
body during the telephone call in such a degree as to
keep an antenna element indicating the higher absorp-
tion factor the more distant from the human body even
if at least two or more antenna elements are disposed.
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Description

[0001] The present invention relates to an antenna
apparatus and a wireless communication apparatus,
and more particularly is suitably applied to a cellular
phone capable of using two types of wireless communi-
cation systems, for example, different in used wireless
communication frequency.

[0002] Inrecentyears, cellular phones have atenden-
cy to become insufficient in the number of lines only for
a single wireless communication system with a rapid
spread.

[0003] Accordingly, in cellular phones, itis considered
that two types of wireless communication systems using
different frequency bands are jointly used to ensure the
required number of lines and there has been developed
a terminal capable of using two types of wireless com-
munication systems by means of a single cellular phone.
[0004] Actual complex terminals include such as, in
Japan a complex terminal jointly using two wireless
communication systems of a Personal Digital Cellular
(PDC) using an 800 MHz band and a Personal Handy-
phone Systems (PHS) using a 1.9 GHz band of wireless
communication frequencies, in Europe a complex termi-
nal jointly using two wireless communication systems of
a Global System for Mobile Communication (GSM) us-
ing a 900 MHz band and a Digital Communication Sys-
tem (DCS) using a 1.8 GHz band, and in the United
States of America a complex terminal jointly using two
wireless communication systems of an Advanced Mo-
bile Phone Service (AMPS) using an 800 MHz band and
a Personal Communications Services (PCS) usinga 1.9
GHz band.

[0005] And, among such cellular phones, there are
those provided with two antenna apparatuses operating
at first and second wireless communication frequencies
different from each other and those provided with a sin-
gle antenna apparatus having two types of first and sec-
ond antenna elements integrated into one piece.
[0006] Here, in an antenna apparatus having first and
second elements integrated into one piece, the first an-
tenna element 1 and the second antenna element 2 are
integrated by the electrical connection to an antenna
feeding part 3 via a common feeding point as shown in
Fig. 1.

[0007] In this antenna apparatus, the electrical length
extending from an antenna feeding part 3 to the open
end of the first antenna element 1 is chosen to the order
of A/4 of one of afirst wireless communication frequency
out of two types of first and second wireless communi-
cation frequencies and that extending from the antenna
feeding part 3 to the other open end of the second an-
tenna element 2 is chosen to the order of A/4 of the other
of the second wireless communication frequency lower
than the first one, for example.

[0008] Thus, the first antenna element 1 resonates at
the relevant first wireless communication frequency dur-
ing the use of the first wireless communication frequen-
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cy and the first antenna element 1 alone operates as the
antenna because an excess of electrical length for res-
onance of the second antenna element 2 at the first wire-
less communication frequency prevents the second an-
tenna element 2 from resonating.

[0009] Besides, the second antenna element 2 reso-
nates at the relevant second wireless communication
frequency during the use of the second wireless com-
munication frequency and the second antenna element
2 alone operates as the antenna because a shortage of
electrical length for resonance of the first antenna ele-
ment 1 at the second wireless communication frequency
prevents the first antenna element 1 from resonating.
[0010] Such being the case, a cellular phone provided
with such an antenna apparatus selectively uses first
and second antenna elements corresponding to the first
wireless communication frequency and the second
wireless communication frequency used and therefore
two different types of wireless communication systems
are so arranged as to be jointly employed.

[0011] Meanwhile, inrecentyears, the absorption fac-
tor of an electromagnetic wave per time and per mass
at a specific region (chiefly head) of a human body has
been defined as the local average Specific Absorption
Rate (SAR) and it has been required to suppress a max-
imum of the local average SARs below a prescribed val-
ue among electromagnetic waves irradiated from the
cellular phone.

[0012] Here, inacellular phone, the electric power fed
from the antenna feeding part to the antenna element
serving for the chief irradiation source of electromagnet-
ic waves differs depending on wireless communication
frequency used in general and the electric field of elec-
tromagnetic waves irradiated from the antenna element
becomes more intense with increasing electric power.
[0013] And, if an antenna element irradiating electro-
magnetic waves of a relatively strong electric field and
another irradiating electromagnetic waves of a relatively
weak electric field are respectively disposed the same
distance apart from a human body, the disposition of the
antenna element irradiating electromagnetic waves of a
relatively strong electric field shows a tendency for the
local average SAR to rise.

[0014] Furthermore, a distance between the antenna
element and the human body is disposed to become
shorten in accordance with a tendency of recent minia-
turization light weight in the cellular phone, and thin-
ness, and consequently, the more the antenna element
approaches the human body, the more the local average
Specific Absorption Rate (SAR) increases.

[0015] In the antenna apparatus mentioned above in
Fig. 1, the first and second antenna elements 1 and 2
are glued to the outer periphery of an antenna casing
(unillustrated) made of a cylindrical nonconductive ma-
terial, the antenna casing is simply inserted in the casing
case of the cellular phone (unillustrated) and no meas-
ure for suppressing the local average SAR is taken.
[0016] Inview of the foregoing, an object of this inven-
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tion is to provide an antenna apparatus and a wireless
communication apparatus capable of reducing the ab-
sorption factor of electromagnetic waves absorbed by a
human body during the telephone call even when at
least two or more antenna elements are disposed.
[0017] The foregoing object and other objects of the
invention have been achieved by the provision of an an-
tenna apparatus and a wireless communication appa-
ratus in which an antenna element indicating the higher
absorption factor was disposed by antenna disposing
means the more distant from a human body on the basis
of the absorption factor of electromagnetic waves ab-
sorbed by the human body, measured in advance when
at least two or more antenna elements different in elec-
trical length operate respectively as antennas under the
same disposing conditions.

[0018] Consequently, even if at least two or more an-
tenna elements are disposed, the absorption factor of
electromagnetic waves absorbed by a human body dur-
ing the telephone call can be reduced in such a degree
as to keep an antenna element indicating the higher ab-
sorption factor the more distant from the human body.
[0019] Besides, antenna hold means is so arranged
as to collectively hold all individual antenna elements
electrically connected to a common feeding point, at this
time such positioning is made by antenna positioning
means that antenna elements are arranged in the de-
creasing order of absorption factor and the installation
posture of the antenna hold means is so regulated by
the posture regulation means that an antenna element
indicating the higher absorption factor is kept the most
distant from a human body when installing the antenna
hold means to the installation means.

[0020] Thus, all individual antenna elements can be
so disposed that an antenna element indicating the
higher absorption factor is securely kept the more dis-
tant from a human body.

[0021] The nature, principle and utility of the invention
will become more apparent from the following detailed
description when read in conjunction with the accompa-
nying drawings in which like parts are designated by like
reference numerals or characters.

[0022] In the accompanying drawings:

Fig. 1 is an outline plan view showing a configura-
tion of first and second antenna elements in a an-
tenna apparatus;

Fig. 2 is an outline perspective view showing a con-
figuration of a cellular phone according to First Em-
bodiment of the present invention;

Fig. 3 is an outline perspective view showing a con-
figuration of an antenna apparatus;

Fig. 4 is an outline plan view showing a configura-
tion of first and second antenna elements;

Fig. 5 is an outline perspective view showing a con-
figuration of an antenna apparatus;

Fig. 6 is an outline sectional view serving to explain
a connection between a feeder spring and a feeder
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line;

Figs. 7A and 7B are outline top and bottom views
serving to explain a disposition of first and second
antenna elements in an antenna apparatus;

Fig. 8 is an outline top view showing a configuration
of a casing case of a cellular phone;

Fig. 9 is an outline sectional view serving to explain
an insert mounting of the antenna apparatus to the
casing case;

Figs. 10A and 10B are outline views serving to ex-
plain a disposition of first and second antenna ele-
ments to a human body;

Fig. 11 is an outline perspective view showing a con-
figuration of a cellular phone according to Second
Embodiment;

Fig. 12 is an outline plan view showing a configura-
tion of first and second antenna elements;

Fig. 13 is an outline perspective view showing a
configuration of an antenna casing;

Fig. 14 is an outline sectional view serving to explain
an insert mounting of an antenna apparatus to a
casing case;

Fig. 15 is an outline perspective view showing a
configuration of first and second antenna elements
according to another embodiment;

Fig. 16 is an outline perspective view showing a
configuration of first and second antenna elements
according to yet another embodiment;

Fig. 17 is an outline perspective view showing a
configuration of first and second antenna elements
according to yet another embodiment;

Figs. 18A and 18B are outline perspective views
showing a configuration of an antenna hold sub-
strate provided in an antenna casing according to
another embodiment;

Fig. 19 is an outline perspective view serving to ex-
plain an installation of an antenna casing according
to another embodiment;

Fig. 20 is an outline sectional view serving to explain
a regulation of an installation posture according to
another embodiment; and

Fig. 21is an outline sectional view serving to explain
a regulation of an installation posture according to
yet another embodiment.

[0023] Preferred embodiments of this invention will be
described with reference to the accompanying draw-
ings:

(1) First Embodiment

[0024] In Fig. 2, reference numeral 10 denotes a cel-
lular phone according to First Embodiment as a whole.
This cellular phone comprises a liquid crystal panel 12
and a plurality of manipulation keys 13 located in the
front surface 11A of a nonconductive casing case 11 and
an antenna apparatus 14 inserted in the top end surface
11B of the casing case 11.
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[0025] As shown in Fig. 3, the antenna apparatus 14
is provided with an antenna casing 22 comprising a cy-
lindrical antenna bobbin 20 different in outside diameter
and an insert part 21 integrally formed by a nonconduc-
tive material.

[0026] And, the outer periphery of the antenna bobbin
20, to which a first antenna element 23 operating as an
antenna only at a first wireless communication frequen-
cy and a second antenna element 24 operating as an-
other antenna only at a second wireless communication
frequency among two different types of first and second
wireless communication frequencies are glued in align-
ment along the peripheral direction, and is enveloped
with a nonconductive antenna cover 25 so as to cover
the first and the second antenna elements 23 and 24.
[0027] Here, as shown in Fig. 4, the first antenna el-
ement 23 is formed of a conductive metal foil in the
shape of a band, whereas the second antenna element
24 is formed of a conductive metal foil in the shape of a
meander.

[0028] And, the first and the second antenna ele-
ments 23 and 24 are electrically connected to a common
feeding point. A feeder line 26, formed of a conductive
metal foil in the shape of a band, is electrically connect-
ed to the feeding point situated between them and they
are integrally formed together with the feeder line 26.
[0029] Meanwhile, in this cellular phone 10, alocal av-
erage SAR observed when the first and second antenna
elements 23 and 24 operate as antennas at the actually
corresponding first and second wireless communication
frequencies is measured in advance under conditions
that the first and the second antenna elements 23 and
24 are disposed the same distance apart from a human
body (hereinafter, referred to as disposing conditions),
then the first and the second antenna elements 23 and
24 are disposed on the basis of the measured result.
[0030] Here, the disposition of the first and the second
antenna elements 23 and 24 will be explained below as
attributable to a rise in local average SAR observed, for
example, when the first antenna element 23 is operated
as an antenna rather than the second antenna element
24 as a result of measuring a local average SAR under
the same disposing conditions.

[0031] Namely, as shown in Fig. 3, the antenna bob-
bin 20 is provided with a line inserting hole part 20A
bored near the border part with the insert part 21.
[0032] And,inthelineinserting hole part20A, afeeder
line 26 bent at a nearly right angle to the first and the
second antenna elements 23 and 24 is inserted, so that
the first antenna element 23 indicating a relatively high
local average SAR and the second antenna element 24
indicating a relatively low local average SAR are prop-
erly positioned and glued to the antenna bobbin 20.
[0033] Incidentally, in the antenna bobbin 20, since
the first antenna element 23 and the second antenna
element 24 are glued on the cylindrical outer periphery
as to make the inserted surfaces opposed to each other,
the outside diameter is minimized, thereby enabling the
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bobbin to be downsized.

[0034] On the other hand, on the peripheral surface
of aninsert part 21, as shown in Figs. 3 and 5, an inser-
tion guide 21A nearly parallel with the center axis (unil-
lustrated) of the insert part 21 is protrusively formed in
conformity to the glued position of the first antenna ele-
ment 23 in the antenna bobbin 20.

[0035] Besides, the insert part 21 has a slit 28 com-
prising a pair of U-shaped legs symmetric about its cent-
er axis formed, while insertion fixing parts 21B and 21C
comprising part of the insert part 21 are provided as en-
closed in the slit 28 .

[0036] The insertion fixing parts 21B and 21C have
sheet springs 21BX and 21CX of a given length com-
prising the side wall of the insert part 21. Nails 21BY and
21CY are provided at the tip ends of the sheet springs
21BX and 21CX which protrude outward from the pe-
ripheral surface of the insert part 21.

[0037] And, because of having a given elasticity in the
insertion fixing parts 21B and 21C, the sheet springs
21BX and 21CX are kept nearly parallel with the side
wall of the insert part 21 under application of no external
force. Even if a pressure is imposed so as to push the
nails 21BY and 21CY into the insert part 21, the sheet
springs 21BX and 21CX are recovered so as to become
parallel with the side wall of the insert part 21 and the
nails 21BY and 21CY are allowed so as to protrude out-
ward from the peripheral surface of the insert part 21
after a release of the relevant pressure.

[0038] Furthermore, this insert part 21 has the notch
part 21D formed in symmetry to the insertion guide 21A
about its center axis, while one end side of a feeder
spring 29 provided inside the antenna casing 22 and
having a given elasticity protrudes outward through the
notch part 21D.

[0039] Actually, in the antenna casing 22, as shown
in Fig. 6, the other end of the feeder spring 29 pulled
inward is bent and pulled around to the line inserting
hole part 20A over a step difference 22A between the
interior of the antenna bobbin 20 and that of the insert
part 21, so that the feeder line 26 inserted in the line
inserting hole part 20A is placed on the other end of the
feeder spring 29.

[0040] And, in the antenna casing 22, a bush 30
formed of an elastic member such as rubber in a T-
shaped section is inserted in and mated with an extent
from the interior of the antenna bobbin 20 to that of the
insert part 21.

[0041] Consequently, in the antenna casing 22, the
feeder line 26 is pushed by the bush 30 to the other end
of the feeder spring 29 on the step difference 22A, thus
electrically connecting and fixing the feeder spring 29 to
the feeder line 26.

[0042] In this manner, with the antenna apparatus 14,
the second antenna element 24 is disposed in the front
side designated with the arrowhead a and the first an-
tenna element 23 is disposed at the back side opposite
the arrowhead a as shown in Figs. 7A and 7B, if the an-
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tenna apparatus 14 observed from right above (Fig. 7A).
[0043] Onthe other hand, if the antenna apparatus 14
observed from right below (Fig. 7B), the notch part 21D
is formed at the front side of the insert part 21, the in-
sertion guide 21A is formed at the back side and the
feeder spring 29 allows one end to protrude from the
interior of the insert part 21 outward over an extent from
the back side to the front side. Incidentally, the insertion
fixing parts 21B and 21C are provided to the left and to
the right of the insert part 21.

[0044] Incontrast, as shownin Fig. 8, the insert mount
hole 11C responsive to the insert part 21 (Fig. 3) of the
antenna casing 22 (Fig. 3) is provided near the side of
a back surface 11D of the casing case 11 on the top end
surface 11B of the casing case 11 of a cellular phone 10.
[0045] Besides, in the internal surface of the insert
mount hole 11C, a guiding groove part 11CX responsive
to the insertion guide 21A (Fig. 3) of the insert part 21
is provided along the depth of the insert mount hole 11C
at the side of the back surface 11D of the casing case
11. Moreover, the hollow parts 11CY and 11CZ respon-
sive to the nails 21BY and 21CY (Figs. 3 and 5) of the
insertion fixing parts 21B and 21C (Figs. 3 and 5) of the
relevant insert part 21 are provided to the right and to
the left of the casing case 11.

[0046] Furthermore, inside this casing case 11, a cir-
cuit substrate 31 provided with an antenna feeder part
(unillustrated) and a feeding electrode mentioned later,
electrically connected to the antenna feeder part, are
housed between the front surface 11A and the insert
mount hole 11C.

[0047] And, as shown in Fig. 9, the insert part 21 of
the antenna casing 22 is put in the insert mount hole
11C by inserting the insertion guide 21A through the
guiding groove part 11CX and the respective corre-
sponding nails 21BY and 21CY of the insertion fixing
parts 21B and 21C in the insert part 21 are mated with
the hollow parts 11CY and 11CZ in the insert mount hole
11C, thereby enabling the antenna apparatus 14 to be
inserted in and mounted on the casing case 11.

[0048] Besides, with the casing case 11, the housing
position of the internal circuit substrate 31 is not only
selected properly but the length of one end of the feeder
spring 29 protruding outward from the insert part 21 of
the antenna apparatus 14 is also selected properly, so
that when the antenna apparatus 14 is inserted, one end
side of the feeder spring 29 can be brought almost se-
curely into butt contact against the feeding electrode 32
in one surface 31A of the circuit substrate 31. This en-
ables the feeder spring 29 to be electrically connected
to the feeding electrode 32.

[0049] Meanwhile, with a conventional cellular phone
provided with the antenna apparatus mentioned above
by referring to Fig. 1, since the first antenna element 1
(Fig. 1) and the second one 2 (Fig. 1) are glued to the
outer periphery of a cylindrical antenna casing and the
cylindrical antenna casing is inserted in the casing case
of the cellular phone without consideration of a local av-
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erage SAR, there are some cases where the first or sec-
ond antenna element 1 or 2 indicating a relatively high
local average SAR under the same disposing conditions
is disposed the nearest to a human body in the casing
case.

[0050] In contrast, with a cellular phone 10 according
to this Embodiment, a first antenna element 23 is so po-
sitioned relative to the antenna casing 22 of an antenna
apparatus 14 as to be situated at its back surface side
and the first and second antenna elements 22 and 23
are glued, and moreover the insertion posture of the an-
tenna apparatus 14 is so regulated as to align the back
surface side of the antenna casing 22 with that 11D of
the casing case 11 also by inserting the insertion guide
21A into the guiding groove part 11CX.

[0051] Thus, with this cellular phone 10, as shown in
Figs. 10A and 10B, the second antenna element 24 in-
dicating a relatively low local average SAR in advance
under the same disposing conditions can be disposed
at the side of the front surface 11A of the casing case
11 and the first antenna element 23 indicating a relative-
ly high local average SAR can be disposed securely at
the side of the back surface 11D of the casing base 11.
[0052] Thereby, in the cellar phone 10, the first anten-
na element 23 can be securely kept the most distant
from a human body during the telephone call, so that
the local average SAR derived from electromagnetic
waves irradiated from the first antenna element 23 can
be reduced greatly.

[0053] Incidentally, with this cellular phone 10, provi-
sion of the insert mount hole 11C the nearest possible
to the side of the back surface 11D in the casing case
11 permits the first and the second antenna elements
23 and 24 to be kept distant as a whole from a human
body during the telephone call. In this way, the local av-
erage SAR derived from electromagnetic waves irradi-
ated from the first antenna element 23 not only can be
reduced still more greatly but the local average SAR de-
rived from electromagnetic waves irradiated from the
second antenna element 24 can also be reduced togeth-
er.

[0054] According to the above arrangement, in a cel-
lular phone 10, a first antenna element 23 is so posi-
tioned relative to the antenna casing 22 of an antenna
apparatus 14 as to be situated at its back surface side
and the first and second antenna elements 22 and 23
are glued.

[0055] And, in this cellular phone 10, an insertion
guide 21A provided at the back surface side of the insert
part 21 of the antenna case 22 was inserted through the
guiding groove part 11CX of the insert mount hole 11C
of the casing case 11, so that an antenna apparatus 14
was inserted in the casing case 11 while regulating the
insertion posture of an antenna apparatus 14 so as to
direct the back surface side of the antenna casing 22
toward the side of the back surface 11D of the casing
case 11.

[0056] Thus, with this cellular phone 10, the second
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antenna element 24 not only can be disposed at the side
of the front surface 11A of the casing case 11 but the
first antenna element 23 can be disposed securely at
the side of the back surface 11D thereof, with the result
that the first antenna element 23 indicating a relatively
high local average SAR can be kept the most distant
from a human body during the telephone call.

[0057] Besides, with this cellular phone 10, a feeder
line 26 related to a first antenna element 23 also acts as
a radiative source if the first antenna element 23 is op-
erated as an antenna, but the local average SAR de-
rived from electromagnetic waves irradiated from the
relevant feeder line 26 can also be reduced because the
feeder line 26 is kept relatively distant from a human
body during the telephone call by inserting the feeder
line 26 into the line inserting hole part 20A near to the
back surface of the antenna casing 22.

[0058] According to the above arrangement, the first
antenna element 23 indicating a relatively high local av-
erage SAR is securely disposed at the side of the back
surface 11D of the casing case 11 and can always be
kept the most distant from a human body during the tel-
ephone call. This enables a cellular phone to be imple-
mented which can greatly reduce the local average SAR
derived from electromagnetic waves irradiated from the
firstantenna element 23 in such a degree as to keep the
first antenna element 23 more distant from the human
body during the telephone call.

(2) Second Embodiment

[0059] Fig. 11 with like symbols attached to those cor-
responding to part of Fig. 2 shows a cellular phone 40
according to Second Embodiment, and is configured in
amanner similar to a cellular phone 10 according to First
Embodiment except for the configuration of an antenna
apparatus 41.

[0060] In this case, as shown in Fig. 12, the antenna
apparatus 41 comprises a first antenna element 42 with
a broad frame portion 42B integrally formed of a con-
ductive metal foil at the root of a band portion 42A and
a second antenna element 43 formed of a conductive
metal foil in the shape of a meander.

[0061] Inthis case, to acommon feeding point present
in the frame portion 42B of the first antenna element 42,
a feeder line 44 formed of a conductive metal foil in the
shape of a band is electrically connected in an arrange-
ment of its length disposed on an extension in length of
the band portion 42A. And the second antenna element
43 is electrically connected via the frame portion 42B of
the first antenna element 42, both of which are integrat-
ed with the feeder line 44.

[0062] Incidentally, also in these first and second an-
tenna elements 42 and 43, a local average SAR is
measured in advance when they operate as an antenna
at their corresponding first and second wireless commu-
nication frequencies under the same disposing condi-
tions and as a result, the local average SAR is assumed
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to increase if the first antenna element 42 is operated
as an antenna rather than the second antenna element
43.

[0063] And, in Fig. 13 with like symbols attached to
those corresponding to parts of Fig. 3, the antenna bob-
bin 46 of an antenna casing 45 is provided with a line
inserting hole part 46A bored on an extension of the in-
sertion guide 21A of the insert part 21.

[0064] Besides, in the line inserting hole part 46A, a
feeder line 44 bent at a nearly right angle to the first and
the second antenna elements 42 and 43 is inserted.
There, the first antenna element 42 is positioned on the
back surface of the antenna casing 45 and the second
antenna element 43 is positioned on the front surface
thereof, both of which are glued to the antenna bobbin
46.

[0065] In such a manner, this antenna casing 45 has
the first antenna element 42, the feeding point and the
insertion guide 21A all disposed in one line on its back
surface.

[0066] Besides, in Fig. 14 with like symbols attached
to those corresponding to parts of Fig. 9, the antenna
casing 45 has the other end side of a feeder spring 47
installed at the rear upper part of the internal surface of
the insert part 21 which has a given elasticity and is
pulled inside through the notch part 21D of the insert
part 21.

[0067] And, the antenna casing 45 has the front end
side of a feeder line 44 bent downward and brought into
butt contact against the other end of the feeder spring
47 which is inserted in the line inserting hole part 46A.
In this situation, a bush 48 formed of an elastic member
such as rubber in a T-shaped section is inserted over
an extent from the interior of the antenna bobbin 46 to
that of the insert part 21 and mated with them.

[0068] Consequently, in the antenna casing 45, the
feeder line 44 is pushed by the bush 48 to the other end
of the feeder spring 47, thus electrically connecting the
feeder spring 47 and the feeder line 44 to each other
and fixing them.

[0069] Such being the case, as mentioned above by
referring to Fig. 9, the antenna apparatus 41 allows the
insert part 21 of the antenna casing 22 to be put in the
insert mount hole 11C by inserting the insertion guide
21A through the guiding groove part 11CX and the re-
spective corresponding nails 21BY and 21CY of the in-
sertion fixing parts 21B and 21C in the insert part 21 are
mated with the hollow parts 11CY and 11CZ in the insert
mount hole 11C, thereby enabling the antenna appara-
tus 14 to be inserted in and mounted to the casing case
11.

[0070] Besides, at this time, the casing case 11 allows
one end side of the feeder spring 47 to be brought al-
most into butt against the feeding electrode 32 of the
circuit substrate 31, thus enabling the electrical connec-
tion.

[0071] In this way, a cellular phone 40 has not only
the first antenna element 42 but the feeder line 44 also
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to be disposed at the back surface side of the casing
case 11. In this way, the feeder line 44 irradiating elec-
tromagnetic waves can also be kept the most distant
from a human body as well as the first and second an-
tenna elements 42 and 43 during the telephone call.
[0072] With the above arrangement, the cellular
phone 40 has a feeder line 44 provided in the frame por-
tion 42B of the root of the first antenna element 42 and
the feeder line 44 is inserted in the line inserting hole
part 46A at the back surface of the antenna bobbin 46
of the antenna casing 45 and on an extension of the in-
sertion guide 21A of the insert part 21 to position the
first and second antenna elements 42 and 43, so that
the first antenna element 42 is disposed at the back sur-
face of the antenna bobbin 46, thus allowing the first and
second antenna elements 42 and 43 to be glued to the
antenna bobbin 46.

[0073] And, after electrically connecting the feeder
line 48 to the feeder spring 47 at the back surface of the
interior of the antenna casing 45, this cellular phone 40
is so arranged as to insert and mount the relevant an-
tenna apparatus 41 in and to the casing case 11 while
regulating the insertion posture of an antenna apparatus
41 so as to direct the back surface side of the antenna
casing 45 toward the side of the back surface 11D of the
casing case 11.

[0074] Thus, as with First Embodiment, this cellular
phone 40 can dispose the second antenna element 43
at the side of the front surface 11A of the casing case
11, the first antenna element 42 securely at the side of
the back surface 11D thereof and further the feeder line
44 securely at the side of the back surface 11D thereof
as well. As a result, not only the first antenna element
42 indicating a relatively high local average SAR but the
feeder line 44 operating as another antenna and indi-
cating also a relatively high local average SAR can be
kept the most distant from a human body during the tel-
ephone call.

[0075] According to the above arrangement in the
presentinvention, the feeder line 44 operating as anoth-
er antenna together with the first antenna element 42
and similarly indicating a relatively high local average
SAR can also be kept the most distant from a human
body during the telephone call in addition to the effect
obtained by First Embodiment, thus enabling a cellular
phone to be implemented which can still more greatly
reduce the local average SAR during the telephone call.

(3) Other Embodiments

[0076] Incidentally, in First and Second Embodi-
ments, a case where a second antenna element 24 or
43 is so arranged as to be disposed at the side of the
front surface 11A of a casing case 11 was described,
but the present invention is not limited to this and it is
also allowable to keep second antenna elements 24 and
43 the nearest possible to first antenna elements 23 and
42 and moreover keep the second antenna elements 24

10

15

20

25

30

35

40

45

50

55

and 43 the most distant possible from a human body,
thereby enabling the local average SAR observed when
the second antenna elements 24 and 43 operate as an
antenna to be reduced.

[0077] Furthermore, in First and Second Embodi-
ments, a case where first and second antenna elements
23/42 and 24/43 formed of a conductive metal foil are
so arranged as to be glued to the antenna bobbin 20/46
was described, but the present invention is not limited
to this and first and second antenna elements can be
formed according to various processes such as e.g. by
forming first and second antenna elements formed of a
conductive metal film on the antenna bobbin by the plat-
ing process or the deposition process.

[0078] Still further, in First and Second Embodiments,
a case where two types of first and second antenna el-
ements 23/42 and 24/43 were so arranged as to be used
as an antenna element was described, but the present
invention is not limited to this and at least two or more
types of antenna elements can be so arranged as to be
used corresponding to the number of used wireless
communication system. Incidentally, in the case of using
a plurality of antenna elements like this, a disposition of
keeping an antenna element indicating the higher local
average SAR the more distant from a human body under
the same disposing conditions would enable the same
effect as with First and Second Embodiments to be ob-
tained.

[0079] Yet further, in First and Second Embodiments,
a case where bushes 30 and 48 made of rubber are so
arranged as to be used was described, but the present
invention is not limited to this and if feeder lines 26 and
44 can be electrically connected to feeder springs 29
and 47, various other bushes such as metal materials
subjected to insulating treatment can be used.

[0080] Yet further, in First and Second Embodiments,
a case where the present invention is so arranged as to
be applicable to the cellular phones 10 and 40 described
above by referring to Figs. 2 and 11 was described, but
the present invention is not limited to this and can be
widely applied to various other wireless communication
apparatus such as transceiver and antenna apparatuss
provided in these wireless communication apparatus if
those are used near a human body during the telephone
call.

[0081] Yet further, in First and Second Embodiments,
a case where first and second antenna elements 23 and
24 as well as 42 and 43 formed of conductive metal foils
mentioned above by referring to Figs. 4 and 12 were so
arranged as to be applicable to at least two or more an-
tenna elements different in length was described, but
the present invention is not limited to this and can be
widely applied to various other antenna elements such
as first and second antenna elements 58 and 59 formed
of a conductive wire rod as shown in Fig. 15, first and
second antenna elements 62 and 63 as well as 64 and
65 formed of a conductive metal into one piece in vari-
ous patterns together with feeder lines 60 and 61 as
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shown in Figs. 16 and 17 and antenna elements formed
in various shapes such as shape of a meander or line.
[0082] Yet further, in First and Second Embodiments,
a case where antenna casings 22 and 46 and an insert
mount hole 11C of a casing case 11 are so arranged as
to be applicable as antenna disposing means disposed
to keep an antenna element indicating the higher ab-
sorption factor the more distant from a human body on
the basis of the absorption factor of electromagnetic
waves absorbed by the human body, measured in ad-
vance when individual antenna elements operate as an-
tennas under the same disposing conditions, was de-
scribed, but the present invention is not limited to this
and is widely applicable to various other antenna dis-
posing means if an antenna element indicating the high-
er absorption factor can be disposed the more distant
from a human body on the basis of the absorption factor
of electromagnetic waves absorbed by the human body,
measured in advance when individual antenna ele-
ments operate as antennas under the same disposing
conditions.

[0083] Yet further, in First and Second Embodiments,
a case where cylindrical antenna casings 22 and 45
were so arranged as to be applicable as antenna hold
means for holding all individual antenna elements col-
lectively was described, but the present invention is not
limited to this and is widely applicable to various other
antenna hold means such as prism-shaped and elliptic
antenna casing or one having an antenna hold substrate
67 with a first antenna element 68 provided on one sur-
face 67A and a second antenna element 69 provided on
the other surface 67B as shown in Figs. 18A and 18B if
capable of holding all individual antenna elements col-
lectively.

[0084] Yet further, in First and Second Embodiments,
a case where cylindrical insert parts 21 of antenna cas-
ings 22 and 45 and an insert mount hole 11C of a casing
case 11 were so arranged as to be applicable as anten-
na installation means with antenna hold means installed
was described, but the present invention is not limited
to this and is widely applicable to installation means
comprising a cylindrical insert part formed in the shape
of approximately D and an insert mount hole in the cor-
responding shape of a casing case, installation means
comprising an installation plate-shaped member 71 pro-
vided on an antenna casing 70 and a pedestal 73 with
this member 71 fixed via a screw 72 as shown in Fig.
19 or various other installation means if capable of in-
stalling antenna hold means.

[0085] Yet further, in First and Second Embodiments,
there was described a case where line inserting mount
hole parts 20A and 46A of antenna bobbins 20 and 46
and feeder lines 26 and 44 were so arranged as to be
applied as antenna positioning means for positioning in-
dividual antenna elements to be held by antenna hold
means so as to line up in decreasing order of absorption
factor indicated by antenna elements, but the present
invention is not limited to this and is widely applicable
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to other antenna positioning means of various configu-
rations if individual antenna elements to be held by an-
tenna hold means can be positioned so as to line up in
decreasing order of absorption factor indicated by an-
tenna elements.

[0086] Yet further, in First and Second Embodiments,
there was described a case where insertion guide 21A
provided at insert parts 21 of antenna casings 22 and'45
and a guiding groove part 11CX provided in insert mount
hole 11C of a casing case 11 were so arranged as to be
applied as posture regulation means for regulating the
installation posture of antenna hold means to installation
means so as to keep an antenna element indicating the
higher absorption factor the more distant from a human
body, but the present invention is not limited to this and
is widely applicable to posture regulation means com-
prising a protruding portion 75A of an installation plate-
shaped member 75 provided in an antenna casing (un-
illustrated) and a corresponding recessed portion 77A
provided in a plate material 77 such as a circuit substrate
to which the plate-shaped member 75 is installed via a
screw 76 as shown in Fig. 20, posture regulation means
comprising a recessed portion 78A formed in accord-
ance with a head 79A of an oval countersunk screw 79
in an installation plate-shaped member 78 provided in
an antenna casing (unillustrated) or various other pos-
ture regulation means as shown in Fig. 21 if the instal-
lation posture in antenna hold means to installation
means can be so regulated as to keep an antenna ele-
ment indicating the higher absorption factor the more
distant from the human body.

[0087] While there has been described in connection
with the preferred embodiments of the invention, it will
be obvious to those skilled in the art that various chang-
es and modifications may be aimed, therefore, to cover
in the appended claims all such changes and modifica-
tions as fall within the true spirit and scope of the inven-
tion.

Claims
1. An antenna apparatus comprising:

at least two or more antenna elements different
in electrical length; and

antenna disposing means for disposing said
antenna elements indicating a higher absorp-
tion factor kept the more distant from a human
body on the basis of the absorption factor of
electromagnetic waves absorbed by said hu-
man body, measured in advance when said in-
dividual antenna elements operate respectively
as antennas under the same disposing condi-
tions.

2. A wireless communication apparatus using at least
two or more types of wireless communication sys-



15 EP 1137 101 A2

tems different in used wireless communication fre-
quencies, said apparatus comprising:

at least two or more antenna elements different
in electrical length corresponding to said indi-
vidual wireless communication frequencies;
and

antenna disposing means for disposing said
antenna element indicating a higher absorption
factor kept more distant from a human body on
the basis of the absorption factor of electromag-
netic waves absorbed by said human body,
measured in advance when said individual an-
tenna elements operate respectively as anten-
nas under the same disposing conditions.

The apparatus according to claim 1 or 2 wherein
said antenna elements are electrically connected to
a common feeding point.

The apparatus according to claim 3 wherein said
antenna disposing means comprises:

antenna hold means for holding said individual
antenna elements collectively; and

installation means to which said antenna hold
means is installed.

The apparatus according to claim 4 further compris-
ing antenna positioning means for positioning said
individual antenna elements to be held by said an-
tenna hold means in such an arrangement ordered
in sequence from the highest to the lowest absorp-
tion factor thereof.

The apparatus according to claim 4 or 5 further
comprising posture regulation means for regulating
an installation posture of said antenna hold means
to said installation means so as to keep said anten-
na element indicating a higher absorption factor the
more distant from said human body.

An apparatus according to claim 4, 5 or 6 wherein
said antenna element indicating the highest absorp-
tion factor has a given location serving for said com-
mon feeding point and a feeder line electrically con-
nected to a feeding point together with the rest of
said individual antenna elements and said antenna
hold means holds said feeder line, kept the most
distant from said human body.
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